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Abstract
We study various supersymmetric RG flows of N = 3 Chern-Simons-Matter theory in three
dimensions by using four-dimensionalN = 3 gauged supergravity coupled to eight vector multiplets
with SO(3) × SU(3) gauge group. The AdS4 critical point preserving the full SO(3) × SU(3)
provides a gravity dual of N = 3 superconformal field theory with flavor symmetry SU(3). We
study the scalar potential and identify a new supersymmetric AdS4 critical point preserving the
full N = 3 supersymmetry and unbroken SO(3) × U(1) symmetry. An analytic RG flow solution
interpolating between SO(3)×SU(3) and SO(3)×U(1) critical points is explicitly given. We then
investigate possible RG flows from these AdS4 critical points to non-conformal field theories in the
IR. All of the singularities appearing in the IR turn out to be physically acceptable. Furthermore,
we look for supersymmetric solutions of the form AdS2 ×Σ2 with Σ2 being a two-sphere or a two-
dimensional hyperbolic space and find a number of AdS2 geometries preserving four supercharges
with SO(2)× SO(2)× SO(2) and SO(2) × SO(2) symmetries.
∗ REVTeX Support: parinya.ka@hotmail.com
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I. INTRODUCTION
AdS4/CFT3 correspondence is interesting in many aspects such as its applications in
the study of M2-brane dynamics and in the holographic dual of condensed matter physics
systems. There are a few examples of supersymmetric AdS4 backgrounds with known M-
theory origins. Apart from the maximally supersymmetic N = 8 AdS4×S7 compactification,
there is an AdS4 background with N = 3 supersymmetry arising from a compactification
of M-theory on a tri-sasakian manifold N010 [1]. This is a unique solution for 2 < N < 8
supersymmetry. The spectrum of the former example has been studied in [2] and the mass-
less modes can be described by the maximally SO(8) gauged supergravity constructed in
[3]. The lowest modes of the latter are on the other hand encompassed in the gauged N = 3
supergravity coupled to eight vector multiplets constructed in [4], see also [5, 6]. The holo-
graphic study of this background within the framework of N = 8 gauged supergravity and
eleven-dimensional supergravity has appeared in many previous works, see for example [7–
9].
The analysis of the complete spectrum of the Kaluza-Klein reduction of M-theory on
AdS4 × N010 has been carried out in [10], see also [11]. It has been argued that the com-
pactification can be described by a four-dimensional effective theory in the form of N = 3
supergravity coupled to eight vector multiplets with SO(3) × SU(3) gauge group. From
the AdS/CFT point of view, the SO(3) and SU(3) factors correspond respectively to the
SO(3) R-symmetry and SU(3) flavor symmetry of the dual N = 3 superconformal field
theory (SCFT) in three dimensions with the superconformal group OSp(3|4)× SU(3). The
structure of N = 3 multiplets and some properties of the dual SCFT have been studied in
[12–17]. Furthermore, a generalization to quiver gauge theories has been considered more
recently in [18–23].
In the present work, we are interested in exploring possible supersymmetric solutions
within four-dimensional N = 3 gauged supergravity. The N = 3 gauged supergravity cou-
pled to n vector multiplets has been constructed in [4]. The theory contains 6n scalar fields
parametrizing the SU(3, n)/SU(3) × SU(n) × U(1) coset manifold. We will focus on the
case of n = 8 which, together with the other three vectors from the supergravity multiplet,
gives rise to eleven vector fields corresponding to a gauging of the SO(3)×SU(3) subgroup
of the global symmetry group SU(3, 8). The maximally supersymmetric AdS4 critical point
of the resulting gauged supergravity with all scalars vanishing is expected to describe the
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AdS4 ×N010 background of eleven-dimensional supergravity.
We will look for other possible supersymmetric AdS4 critical points. According to the
standard dictionary of the AdS/CFT correspondence, these should be dual to other confor-
mal fixed points in the IR of the UV N = 3 SCFT with the SU(3) flavor symmetry. We find
that indeed there exists a non-trivial supersymmetric AdS4 critical point with SO(3)×U(1)
symmetry and unbroken N = 3 supersymmetry. We will also investigate holographic RG
flows from the UV N = 3 SCFT to non-conformal field theories by looking for domain wall
solutions interpolating between the AdS4 critical points and some singular domain wall ge-
ometries in the IR.
Finally, we will look for supersymmetric AdS2×Σ2 solutions with Σ2 being a Riemann sur-
face. Like the higher-dimensional solutions, these solutions should be interpreted as twisted
compactifications of the N = 3 SCFTs in three dimensions to one dimensional space-time.
These results could be interesting both in the holography of three-dimensional SCFTs and
in the context of AdS2/CFT1 correspondence which plays an important role in black hole
physics, see for example [24] and [25]. Along this line, the topologically twisted indices for
these theories on S2 have been computed in [26, 27]. These results can be used to find the
microscopic entropy of AdS4 black holes by following the approach of [28].
The paper is organized as follow. In section II, we review N = 3 gauged supergravity in
four dimensions coupled to eight vector multiplets. In section III, we will give an explicit
parametrization of SU(3, 8)/SU(3) × SU(8) × U(1) coset and study the scalar potential
for the SO(3)diag singlet scalars and identify possible supersymmetric vacua. An analytic
RG flow from the UV SO(3) × SU(3) SCFT to a new IR fixed point with residual sym-
metry SO(3)diag × U(1) is also given. We then move to possible supersymmetric RG flows
to non-conformal field theories in section IV. Supersymetric AdS2 backgrounds obtained
from twisted compactifications of AdS4 on a Riemann surface are given in section V. Some
conclusions and comments on the results reported in this paper are presented in section VI.
II. N = 3 GAUGED SUPERGRAVITY COUPLED TO VECTOR MULTIPLETS
In order to fix the notation and describe the relevant framework from which all the results
are obtained, we will give a brief description of N = 3 gauged supergravity coupled to n
vector multiplets and finally restrict ourselves to the case of n = 8. The theory has been
constructed in [4] by using the geometric group manifold approach. For the present work, the
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space-time bosonic Lagrangian and supersymmetry transformations of fermionic component
fields are sufficient. Therefore, we will focus only on these parts. The interested reader can
find a more detailed construction in [4].
In four dimensions, the matter fields allowed in N = 3 supersymmetry are given by the
fields in a vector multiplet with the following field content
(Aµ, λA, λ, zA).
Indices A,B, . . . = 1, 2, 3 denote the fundamental representation of the SU(3)R part of
the full SU(3)R × U(1)R R-symmetry. Each vector multiplet contains a vector field Aµ,
four spinor fields λ and λA which are respectively singlet and triplet of SU(3)R, and three
complex scalars zA in the fundamental of SU(3)R. For n vector multiplets, we use indices
i, j, . . . = 1, . . . , n to label each of them. Space-time and tangent space indices will be
denoted by µ, ν, . . . and a, b, . . ., respectively. In contrast to the construction in [4], we will
use the metric signature (−+++) throughout this paper.
The N = 3 supergravity multiplet consists of the following fields
(eaµ, ψµA, AµA, χ).
eaµ is the usual graviton, and ψµA are three gravitini. The gravity multiplet also contains
three vector fields AµA and an SU(3)R singlet spinor field χ. It should be noted that the
fermions are subject to the chirality projection conditions
ψµA = γ5ψµA, χ = γ5χ, λA = γ5λA, λ = −γ5λ . (1)
These also imply ψAµ = −γ5ψAµ and λA = −γ5λA.
With n vector multiplets, there are 3n complex scalar fields z iA living in the coset space
SU(3, n)/SU(3)× SU(n)×U(1). These scalars are conveniently parametrized by the coset
representative L(z) ΣΛ . From now on, indices Λ,Σ, . . . will take the values 1, . . . , n + 3.
The coset representative transforms under the global G = SU(3, n) and the local H =
SU(3) × SU(n) × U(1) symmetries by a left and right multiplications, respectively. It is
convenient to split the index corresponding to H transformation as Σ = (A, i), so we can
write L ΣΛ = (L
A
Λ , L
i
Λ ).
Together with three vector fields from the gravity multiplet, there are n+3 vectors which,
accompanying by their magnetic dual, transform as the fundamental representation n+ 3
of the global symmetry SU(3, n). These vector fields will be grouped together by a single
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notation AΛ = (AA, Ai). From the result of [4], after gauging, a particular subgroup of
SO(3, n) ⊂ SU(3, n) becomes a local symmetry. The corresponding non-abelian gauge field
strengths are given by
FΛ = dAΛ + f
ΣΓ
Λ AΣ ∧AΓ (2)
where f ΓΛΣ denote the structure constants of the gauge group. The gauge generators TΛ
satisfy
[TΛ, TΣ] = f
Γ
ΛΣ TΓ . (3)
Indices on f ΓΛΣ are raised and lowered by the SU(3, n) invariant tensor
JΛΣ = J
ΛΣ = (δAB,−δij) (4)
which will become the Killing form of the gauge group in the presence of gauging.
As pointed out in [4], one of the possible gauge groups takes the form of SO(3)×Hn with
SO(3) ⊂ SU(3) and Hn being an n-dimensional subgroup of SO(n) ⊂ SU(n). In this case,
only electric vector fields participate in the gauging. As a general requirement, gaugings
consistent with supersymmetry impose the condition that fΛΣΓ obtained from the gauge
structure constants via fΛΣΓ = f
Γ′
ΛΣ JΓ′Γ are totally antisymmetric. In the present paper,
we are interested only in this compact gauge group with a particular choice of H8 = SU(3)
with f ΓΛΣ = (g1ǫABC , g2fijk). This choice clearly satisfies the consistency condition. fijk
denote the SU(3) structure constants while g1 and g2 are SO(3)× SU(3) gauge couplings.
The independent, non-vanishing, components of fijk can be explicitly written as
f123 = 1, f147 = f246 = f257 = f345 =
1
2
,
f156 = f367 = −1
2
, f458 = f678 =
√
3
2
. (5)
Other possible gauge groups will be explored in the forthcoming paper [29].
The bosonic Lagrangian of the resulting gauged supergravity can be written as
e−1L = 1
4
R − 1
2
P iAµ P
µ
Ai − aΛΣF+ΛµνF+µνΣ − a¯ΛΣF−ΛµνF−µνΣ
− i
2
e−1ǫµνρσ(aΛΣF+Λµν − a¯ΛΣF−Λµν)FΣρσ − V . (6)
We have translated the first order Lagrangian in the differential form language given in [4]
to the usual space-time Lagrangian. In addition, we have multiplied the whole Lagrangian
by a factor of 3. This results in a factor of 3 in the scalar potential compared to that given
in [4].
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Before giving the definitions of all quantities appearing in the above Lagrangian, we
will present the fermionic supersymmetry transformations read off from the rheonomic
parametrization of the fermionic curvatures as follow
δψµA = DµǫA − 2ǫABCGBµνγνǫC + SABγµǫB, (7)
δχ = −1
2
GAµνγ
µνǫA + UAǫA, (8)
δλi = −P Aiµ γµǫA +NiAǫA, (9)
δλiA = −P Biµ γµǫABCǫC −GiµνγµνǫA +M BiA ǫB . (10)
From the coset representative, we can define the Mourer-Cartan one-form
Ω ΠΛ = (L
−1) ΣΛ dL
Π
Σ + (L
−1) ΣΛ f
ΩΓ
Σ AΩL
Π
Γ . (11)
The inverse of L ΣΛ is related to the coset representative via the following relation
(L−1) ΣΛ = JΛΠJ
Σ∆(L Π∆ )
∗ . (12)
The component Ω Ai = (Ω
i
A )
∗ gives the vielbein P Ai of the SU(3, n)/SU(3)×SU(n)×U(1)
coset. Other components give the composite connections (Q BA , Q
j
i , Q) for SU(3)×SU(n)×
U(1) symmetry
Ω BA = Q
B
A − nδBAQ, Ω ji = Q ji + 3δjiQ . (13)
It should be noted that Q AA = Q
i
i = 0.
The covariant derivative for ǫA is defined by
DǫA = dǫA +
1
4
ωabγabǫA +Q
B
A ǫB +
1
2
nQ . (14)
The scalar matrices SAB, UA, NiA and M BiA are given in terms of the “boosted structure
constants” CΛΠΓ as follow
SAB =
1
4
(
ǫBPQC
PQ
A + ǫABCC
MC
M
)
=
1
8
(
C PQA ǫBPQ + C
PQ
B ǫAPQ
)
,
UA = −1
4
C MAM , NiA = −
1
2
ǫAPQC
PQ
i ,
M BiA =
1
2
(δBAC
M
iM − 2C BiA ) (15)
where
CΛΠΓ = L
Λ
Λ′ (L
−1) Π
′
Π (L
−1) Γ
′
Γ f
Λ′
Π′Γ′ and C
ΠΓ
Λ = JΛΛ′J
ΠΠ′JΓΓ
′
(CΛ
′
Π′Γ′)
∗ (16)
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With all these definitions, the scalar potential can be written as
V = −2SACSCM + 2
3
UAUA + 1
6
NiAN iA + 1
6
MiBAM AiB
=
1
8
|C BiA |2 +
1
8
|C PQi |2 −
1
4
(
|C PQA |2 − |CP |2
)
(17)
with CP = −C MPM .
We now come to the gauge fields. The self-dual and antiself-dual field strengths are
defined by
F±Λab = FΛab ∓
i
2
ǫabcdF
cd
Λ (18)
with 1
2
ǫabcdF
±cd
Λ = ±iF±Λab and F±Λab = (F∓Λab)∗. The explicit form of the symmetric matrix
aΛΣ in term of the coset representative is quite involved. We will not repeat it here, but the
interested reader can find a detailed discussion in the appendix of [4].
Finally, the field strengths appearing in the supersymmetry transformations are given in
terms of F±Λµν by
Giµν = −
1
2
M ij(L−1) Λj F
−
Λµν , G
A
µν =
1
2
MAB(L−1) ΛB F
+
Λµν (19)
where M ij and MAB are respectively inverse matrices of
Mij = (L
−1) Λi (L
−1) Πj JΛΠ and MAB = (L
−1) ΛA (L
−1) ΠB JΛΠ (20)
In subsequent sections, we will study supersymmetric solutions to this gauged supergrav-
ity with SO(3)× SU(3) gauge group.
III. FLOWS TO SO(3)diag ×U(1) IR FIXED POINT WITH N = 3 SUPERSYMME-
TRY
We now consider the case of n = 8 vector multiplets and SO(3) × SU(3) gauge group.
There are 48 scalars transforming in (3, 8¯) + (3¯, 8) representation of the local symmetry
SU(3)×SU(8). It is efficient and more convenient to study the scalar potential on a partic-
ular submanifold of the full SU(3, 8)/SU(3)× SU(8)× U(1) coset space. This submanifold
consists of all scalars which are singlets under a particular subgroup of the full gauge group
SO(3)×SU(3). All vacua found on this submanifold are guaranteed to be vacua on the full
scalar manifold by a simple group theory argument [30].
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A. Supersymmetric AdS4 critical points
In term of the dual N = 3 SCFT, the SO(3) part of the full gauge group corresponds to
the R-symmetry of N = 3 supersymmetry in three dimensions while the SU(3) part plays
the role of the global symmetry. There are no singlet scalars under the SO(3) R-symmetry.
In order to have SO(3) symmetry, we then consider scalars invariant under a diagonal SO(3)
subgroup of SO(3)× SO(3) ⊂ SO(3)× SU(3).
Before going to the detail of an explicit parametrization, we first introduce an element of
11× 11 matrices
(eΛΣ)ΠΓ = δΛΠδΣΓ . (21)
The SO(3)×SU(3) gauge generators can be obtained from the structure constant (TΛ) ΓΠ =
f ΓΛΠ . Accordingly, the SO(3) part is generated by (T
(1)
A )
Γ
Π = f
Γ
AΠ , A = 1, 2, 3, and the
SU(3) generators are given by (T
(2)
i )
Γ
Π = f
Γ
i+3,Π , i = 1, . . . , 8. The SO(3)diag is then
generated by (T
(1)
A )
Γ
Π + (T
(2)
A )
Γ
Π .
Under SU(3)→ SO(3)× U(1), we have the branching
8 = 30 + 10 + 23 + 2−3 . (22)
This implies that the 48 scalars transform under SO(3)diag × U(1) as
2× [30 × (30 + 10 + 23 + 2−3)] = 2× (10 + 30 + 50 + 23 + 43 + 2−3 + 4−3). (23)
A factor of 2 comes from the fact that both (3, 8¯) and (3¯, 8) of SU(3)×SU(8) become (3, 8)
under SO(3)× SU(3). We see that there are two SO(3)diag singlets. These correspond to
the SU(3, 8) non-compact generators
Yˆ1 = e14 + e41 + e25 + e52 + e36 + e63,
Yˆ2 = −ie14 + ie41 − ie25 + ie52 − ie36 + ie63 . (24)
These two generators are non-compact generators of SL(2,R) ⊂ SU(3, 8) commuting with
SO(3)diag. The SO(2) compact generator of this SL(2,R) is given by
J = diag(2iδAB,−2iδi+3,j+3, 0, 0, 0, 0, 0), i, j = 1, 2, 3 . (25)
From (23), it should be noted that the two singlets are uncharged under the U(1) factor
from SU(3). Therefore, the full symmetry of Yˆ1,2 is in fact SO(3)diag × U(1).
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By using an Euler angle parametrization of SL(2,R)/SO(2) ∼ SO(2, 1)/SO(2) ∼
SU(1, 1)/U(1), we parametrize the coset representative by
L = eϕJeλYˆ1e−ϕJ . (26)
The resulting scalar potential can be written as
V = − 3
64
e−6λ
[
(1 + e4λ)
[
(1 + e2λ)4g21 + (e
2λ − 1)4g22
]
+2(e4λ − 1)3 cos(4ϕ)g1g2
]
. (27)
The above potential admits two supersymmetric AdS4 critical points. The first one is a
trivial critical point, preserving the full SO(3)×SU(3) symmetry, with all scalars vanishing
λ = ϕ = 0, V0 = −3
2
g21 (28)
where V0 is the value of the potential at the critical point, the cosmological constant. This
AdS4 critical point should be identified with a compactification of M-theory onN
010 manifold
and dual to an N = 3 SCFT in three dimensions with SU(3) flavor symmetry. In the present
convention, the AdS4 radius L is related to the value of the cosmological constant by
L2 = − 3
2V0
=
1
g21
. (29)
At this critical point, all of the 48 scalars have m2L2 = −2 in agreement with the spectrum
of M-theory on AdS4 × N010. These scalars are dual to operators of dimension ∆ = 1, 2 in
the dual SCFT.
Another supersymmetric critical point is given by
ϕ = 0, λ =
1
2
ln
[
g2 − g1
g2 + g1
]
, V0 = − 3g
2
1g
2
2
2(g22 − g21)
. (30)
This critical point is an AdS4 critical point for g
2
2 > g
2
1 as required by the reality of λ.
That this critical point preserves supersymmetry can be checked from the supersymmetry
transformations given in the next subsection. The AdS4 radius can be found to be
L2 =
g22 − g21
g21g
2
2
. (31)
More precisely, there are many critical points, equivalent to the one given above, with
sin(4ϕ0) = 0 or ϕ =
npi
4
, n ∈ Z. At this critical point, we can determine the full scalar
masses as shown in table I.
From the table, we see seven massless scalars corresponding to Goldstone bosons of the
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SO(3)diag × U(1) representations m2L2 ∆
10 4, −2 4, (1, 2)
23 0(×2), −2(×2) 3, (1, 2)
2−3 0(×2), −2(×2) 3, (1, 2)
30 0(×3), −2(×3) 3, (1, 2)
43 −94 (×4), −2(×4) 32 , (1, 2)
4−3 −94 (×4), −2(×4) 32 , (1, 2)
50 −2(×10) (1, 2)
TABLE I. Scalar masses at the N = 3 supersymmetric AdS4 critical point with SO(3)diag × U(1)
symmetry and the corresponding dimensions of the dual operators
symmetry breaking of SO(3)× SU(3) to SO(3)diag × U(1). The singlet scalar λ is dual to
an irrelevant operator of dimension 4 at this critical point while ϕ is still dual to a relevant
operator of dimension ∆ = 1, 2. It should also be noted that all the masses satisfy the BF
bound as expected for a supersymmetric critical point.
There is also a non-supersymmetric critical point, but we will not give its location and
value of the cosmological constant here due to its complexity.
B. A supersymmetric RG flow
In this subsection, we will find a supersymmetric domain wall solution interpolating
between two AdS4 critical points identified previously. In order to do this, we will set up the
corresponding BPS equations by setting the supersymmetry transformations of fermions to
zero. The non-vanishing bosonic fields are the metric and SO(3)diag singlet scalars.
We adopt the standard domain wall ansatz for the four-dimensional metric
ds2 = e2A(r)dx21,2 + dr
2 (32)
with dx21,2 being the flat Minkowski metric in three dimensions. We will use the same
convention as in [31]. All spinors will be written as chiral projected Majorana spinors. For
example, we have
ǫA =
1
2
(1 + γ5)ǫ˜
A, ǫA =
1
2
(1− γ5)ǫ˜A (33)
where ǫ˜A is a Majorana spinor. In this Majorana representation, all of the gamma matrices
γa are real while γ5 = iγ0γ1γ2γ3 is purely imaginary. As a consequence, ǫ
A and ǫA are simply
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related by a complex conjugation, ǫA = (ǫ
A)∗.
In the present case, it turns out that C MAM = 0. Therefore, the variation δχ is identically
zero. To satisfy the conditions δλi = 0 and δλiA = 0, we impose the following projector
γ rˆǫA = e
iΛǫA (34)
which implies γ rˆǫA = e−iΛǫA. With this projector, the conditions δψµA = 0, for µ = 0, 1, 2,
reduce to a single condition
A′eiΛ −W = 0 (35)
where ′ is used to denote the r-derivative. The “superpotential” W is related to the eigen-
values of SAB. It turns out that in the present case, SAB is diagonal
SAB =
1
2
WδAB . (36)
This would imply unbroken N = 3 supersymmetry provided that the conditions δλi = 0 and
δλiA = 0 can be satisfied. The explicit form of W is given by
W = −1
8
e−3λ
[[
(1 + e2λ)3g1 + (e
2λ − 1)3g2
]
cos(2ϕ)
+i
[
(1 + e2λ)3g1 − (e2λ − 1)3g2
]
sin(2ϕ)
]
. (37)
By writing W = |W|eiω ≡ Weiω, the imaginary part of equation (35) gives rise to the
relation
eiΛ = ±eiω . (38)
On the other hand, δλi = 0 and δλiA = 0 equations reduce to two independent equations
that can be written as
λ′ − 1
3
e−iΛ
∂W
∂λ
± ie−2λ(e4λ − 1)ϕ′ = 0 . (39)
These two equations imply ϕ′ = 0 or ϕ = ϕ0 with ϕ0 being a constant. It turns out that
consistency with the field equations require sin(4ϕ0) = 0 or ϕ0 =
npi
4
, n ∈ Z. To make the
solution interpolates between the two critical points, we will set ϕ0 = 0.
With this choice, W is real, and the phase factor eiΛ is simply given by
eiΛ = ±1 . (40)
We can finally write down all the relevant BPS equations as
λ′ = ∓1
8
e−3λ(e4λ − 1) [(1 + e2λ)g1 + (e2λ − 1)g2] , (41)
A′ = ±1
8
e−3λ
[
(1 + e2λ)3g1 + (e
2λ)3g2
]
. (42)
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In what follow, we will choose the upper signs in order to identify the trivial critical point
with the UV fixed point of the RG flow.
As in other cases, W = |W| provides the “real superpotential” in term of which the scalar
potential can be written as
V = −1
6
(
∂W
∂λ
)2
− 3
2
W 2 . (43)
In the present case, the scalar kinetic terms are given by
− 1
2
P iAµ P
µ
Ai = −
3
2
e−4λ(e4λ − 1)2ϕ′2 − 3
2
λ′2 . (44)
With all these results, it can be verified that the second order field equations are satisfied
by the first order BPS equations (41) and (42).
We now solve for the RG flow solution. Equation (41) clearly admits two fixed points at
λ = 0 and λ = 1
2
ln
[
g2−g1
g2+g1
]
. These are supersymmetric critical points identified previously.
The solution for equation (41) is given by
g1g2r = C1 + 2g1 tan
−1 eλ − 2
√
g22 − g21 tanh−1
[
eλ
√
g2 + g1
g2 − g1
]
+ g2 ln
[
1 + eλ
1− eλ
]
(45)
where the constant C1 can be set to zero by shifting the r coordinate. By choosing g1, g2 > 0,
it can be seen that as λ → 0, we find r → ∞, and r → −∞ as λ → 1
2
ln
[
g2−g1
g2+g1
]
. These
correspond to the UV and IR fixed points of the RG flow, respectively. Near the two critical
points, we find
UV : λ ∼ e−g1r ∼ e− rLUV
IR : λ ∼ e
g1g2√
g2
2
−g2
1
r
∼ e rLIR . (46)
Therefore, the flow is driven by an operator of dimension ∆ = 1, 2, and this operator becomes
irrelevant in the IR with the corresponding scaling dimension ∆ = 4.
Finally, by combining equations (41) and (42), we obtain
dA
dλ
= − (1 + e
2λ)3g1 + (e
2λ − 1)3g2
(e4λ − 1) [(1 + e2λ)g1 + (e2λ − 1)g2] (47)
whose solution is given by
A = C2 + λ− ln(1− e4λ) + ln
[
g1(1 + e
2λ) + g2(e
2λ − 1)] . (48)
The integration constant C2 can be neglected by rescaling the coordinates of dx
2
1,2. It can
readily be verified that A → r
L
when λ → 0, 1
2
ln
[
g2−g1
g2+g1
]
as expected for the two conformal
12
fixed points.
We now identify a possible dual operator driving this flow. From the results of [11, 12],
the eight vector multiplets in the N = 3 gauged supergravity correspond to the global SU(3)
flavor current given, in term of the N = 2 language, by the superfield
Σij =
1√
2
Tr(U iU¯j + V¯
iVj)− flavor trace . (49)
The trace (Tr) above is over the gauge group SU(N) × SU(N) under which U i and Vi
transform as a bifundamental. The hypermultiplets (U i, iV¯ i) form a doublet of SU(2)R and
transform in a fundamental representation the SU(3) flavor. The flow given above is driven
by scalar fields in the vector multiplets, and these scalars arise from the eleven-dimensional
metric rather than the three-form field [10]. According to the UV behavior in (46), we then
expect that the flow is driven by turning on an SO(3)× U(1) invariant combination of the
scalar mass terms within Σij.
IV. FLOWS TO NON-CONFORMAL FIELD THEORIES
In this section, we consider RG flows to non-conformal field theories. The supergravity
solutions will interpolate between UV AdS4 critical points and domain walls in the IR.
A. Flows within SO(2)× SO(2) × SO(2) singlet scalars
We first consider scalars invariant under SO(2) × SO(2) × SO(2) symmetry. The first
SO(2) is embedded in the SO(3)R such that 3→ 2+1. From the branching of 30+10 in (22)
under SO(2) ⊂ SO(3) ⊂ SU(3), we find 20 + 10 + 10. Combining the two decompositions
together, we finally obtain the relevant scalar representations under SO(2)×SO(2)×SO(2)
2× [(30, 30 + 10)] = 2× [2(1, 1)0, (1, 2)0, 2(2, 1)0, (2, 2)0]. (50)
There are accordingly four singlets corresponding to the non-compact generators
Y˜1 = e3,11 + e11,3, Y˜2 = ie11,3 − ie3,11,
Y˜3 = e3,6 + e6,3, Y˜4 = ie6,3 − ie3,6 . (51)
It should be noted that Y˜1,2 are invariant under a bigger symmetry SO(2)× SU(2)× U(1).
The above four singlets correspond to non-compact directions of SU(2, 1) ⊂ SU(3, 8). We
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then effectively need to parametrize the SU(2, 1)/SU(2)× U(1) coset manifold. It is more
convenient to adopt a parametrization using SU(2) Euler angles. The SU(2)×U(1) compact
subgroup of the SU(2, 1) group is generated by
J1 =
i
2
(e11,11 − e66), J2 = 1
2
(e6,11 − e11,6),
J3 = − i
2
(e6,11 + e11,6), Jˆ =
i
2
√
3
(2e33 − e66 − e11,11) (52)
with [Jα, Jβ] = ǫαβγJγ and Jˆ corresponding to the U(1).
The coset representative for SO(2) × SO(2) × SO(2) invariant scalars is accordingly
parametrized by
L = eϕ1J1eϕ2J2eϕ3J3eΦY˜1e−ϕ3J3e−ϕ2J2e−ϕ1J1 . (53)
The scalar potential turns out to be independent of all the ϕi
V = −1
2
g21[1 + 2 cosh(2Φ)] (54)
which clearly has only the trivial critical point at Φ = 0.
The matrix SAB in this case is diagonal
SAB =
1
2
g1 coshΦδAB (55)
implying that the maximal N = 3 supersymmetry is preserved if the conditions δλi = 0 and
δλiA = 0 can be satisfied. This is similar to solutions studied in the maximal N = 8 gauged
supergravity in [32].
We can proceed as in the previous section to analyze other BPS equations. Since W is
real in this case, we simply have ω = 0 and eiΛ = ±1. Generally, the flow equations for a
scalar φi is, up to a numerical factor, given by G
ij ∂W
∂φj
in which Gij being the inverse of the
scalar matrix appearing in the scalar kinetic terms. The above superpotential depending
only on Φ will immediately give ϕ′i = 0. Remarkably, this precisely agrees with the results
from solving δλi = 0 and δλiA = 0 equations. This is another consistency check for our
results.
We now give the flow equations after choosing a choice of signs such that the SO(3) ×
SU(3) AdS4 critical point is identified with r →∞
Φ′ = −g1 sinh Φ, ϕ′i = 0, i = 1, 2, 3,
A′ = g1 coshΦ . (56)
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A solution to the above equations can be readily obtained
Φ = ± ln
[
eg1r − eC
eg1r + eC
]
, A = Φ− ln(1− e2Φ) + C ′ . (57)
As r → ∞, the solution approaches the UV AdS4 critical point with Φ ∼ e−g1r and
A ∼ g1r. At g1r ∼ C, there is a singularity with Φ becoming infinite
Φ ∼ ± ln(g1r − C). (58)
Both of the signs give rise to the same domain wall metric in the IR
ds2 = (g1r − C)2dx21,2 + dr2 . (59)
It can also be checked that the potential (54) is bounded above for Φ → ±∞ namely
V (Φ → ±∞) → −∞. The singularity is then physical according to the criterion of [33].
Therefore, the solution should be interpreted as an RG flow from the UV N = 3 SCFT to
an N = 3 non-conformal field theory in the IR.
B. Flows within SO(2)diag × SO(2) singlet scalars
The solutions considered in the previous subsection describe RG flows from the trivial
N = 3 critical point. These solutions do not connect to the non-trivial AdS4 critical point
identified in section III. We now consider another class of flow solutions describing RG flows
from both the trivial and non-trivial critical points to IR gauge theories with SO(2)×SO(2)
symmetry.
We will consider scalars which are singlets under SO(2)diag× SO(2) ⊂ SO(2)× SO(2)×
SO(2) symmetry. Further decomposing the scalar representations gives eight singlets under
this symmetry. These correspond to the following SU(3, 8) non-compact generators
Y¯1 = e36 + e63, Y¯2 = −ie36 + ie63,
Y¯3 = e25 + e52 + e14 + e41, Y¯4 = −ie25 + ie52 − ie14 + ie41,
Y¯5 = e15 + e51 − e24 − e42, Y¯6 = −ie15 + ie51 + ie24 − ie42,
Y¯7 = e3,11 + e11,3, Y¯8 = −ie3,11 + ie11,3 . (60)
In this case, using Euler parametrization does not simplify the result to any useful extent.
We then simply parametrize the coset representative in a straightforward way
L = eΦ1Y¯1eΦ2Y¯2eΦ3Y¯3eΦ4Y¯4eΦ5Y¯5eΦ6Y¯6eΦ7Y¯7eΦ8Y¯8 . (61)
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The resulting scalar potential and BPS equations are much more complicated than the
previous cases. We refrain from giving their explicit form here.
However, there are some interesting truncations. We will simply consider these and give
the full result within these truncations. With only Φ7 and Φ8 non-vanishing, the residual
symmetry is enhanced to SO(2)× SU(2)× SO(2). Furthermore, if one of these two scalars
is set to zero, we recover the result obtained in the previous subsection. A new deformation
arises from Φ7 and Φ8 both being non-zero. In this case, the N = 3 supersymmetry is broken
to N = 1.
The matrix SAB is diagonal with two different eigenvalues, with S11 = S22. It turns out
that the third eigenvalue gives the true superpotential
W = 2S33 = g1 coshΦ7 coshΦ8 + ig1 sinh Φ7 sinh Φ8 (62)
in tern of which the scalar potential can be written as
V =
1
2
Gij
∂W
∂Φi
∂W
∂Φj
− 3
2
W 2
= −1
2
g21[1 + 2 cosh(2Φ7) cosh(2Φ8)] (63)
where the real superpotential is given by
W = |W| = 1√
2
g1
√
1 + cosh(2Φ7) cosh(2Φ8) . (64)
In the above result, we have used the scalar kinetic term
− 1
2
Gij∂µΦ
i∂µΦj = −1
2
PAiµ P
µ
iA = −
1
2
cosh2(2Φ8)Φ
′2
7 −
1
2
Φ′28 (65)
which gives Gij, i, j = 7, 8. The inverse G
ij can readily be read off. The supersymmetry
transformations of ψµA corresponding to ǫ1,2 can be satisfied by setting ǫ1,2 = 0. Accom-
panied by the usual γr projection, the unbroken supersymmetry is then N = 1 Poincare
supersymmetry in three dimensions.
The BPS equations coming from δλiA = 0 has no components along ǫ3. They are accord-
ingly automatically satisfied with ǫ1,2 = 0. δλi = 0 equations become
eiΛ[cosh(2Φ8)Φ
′
7 + iΦ
′
8] = g1 coshΦ8 sinhΦ7 + ig1 cosh Φ7 sinh Φ8 . (66)
By a similar analysis as in the previous section, we find eiΛ = ±eiω with eiω = W
|W|
. The
above equations can be solved by
Φ′7 = ∓
g1 sinh(2Φ7)sech(2Φ8)√
2 + 2 cosh(2Φ7) cosh(2Φ8)
, (67)
Φ′8 = ∓
g1 sinh(2Φ8) cosh(2Φ7)√
2 + 2 cosh(2Φ7) cosh(2Φ8)
. (68)
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Together with A′ = ±W , these form the full set of flow equations.
By combining these equations, we can solve for Φ8 and A as a function of Φ7
coth(2Φ8) = csch(2Φ7), (69)
A = −1
2
tanh−1
[ √
2 cosh(2Φ7)√
3− cosh(4Φ7)
]
− 1
4
ln[cosh(4Φ7)− 3]
+
1
2
ln sinh(2Φ7). (70)
In principle, we can put the solution for Φ8 in Φ
′
7 equation and solve for Φ7(r). However, we
have not found the full analytic solution for Φ7(r). In the following, we simply study the Φ7
behaviors near the UV AdS4 critical point and near the IR singularity. As r →∞, we find
Φ7 ∼ Φ8 ∼ e−g1r, A ∼ g1r . (71)
At large |Φ7|, we find
Φ7 ∼ ±1
3
ln(g1r), Φ8 ∼ constant,
ds2 = (g1r)
2
3dx21,2 + dr
2 (72)
where we have put the singularity at r = 0 by choosing an integration constant. These
singularities are also physical. The solution preserves two supercharges and describes an RG
flow from N = 3 SCFT to a non-conformal field theory in the IR with N = 1 supersymmetry.
We will now make another truncation by setting Φi = 0 for i = 2, 4, 6, 8. This can be
verified to be consistent with both the BPS equations and the second order field equations.
In this truncation, the scalar potential is given by
V = − 1
64
[(1 + cosh(2Φ3) cosh(2Φ5)) [4 cosh(2Φ1)− 4 + 3 cosh[2(Φ1 − Φ3 − Φ5)]
+2 cosh[2(Φ1 + Φ3 − Φ5)] + 3 cosh[2(Φ1 − Φ3 + Φ5)] + 2 cosh[2(Φ3 + Φ5)]
+3 cosh[2(Φ1 + Φ3 + Φ5)] + 8 cosh
2Φ1[1 + 3 cosh(2Φ3) cosh(2Φ5)] cosh(2Φ7)
]
g21
−12(cosh(4Φ3) + 2 cosh2(2Φ3) cosh(4Φ5)− 3) cosh2Φ7 sinh(2Φ1)g1g2
+[cosh(2Φ3) cosh(2Φ5)− 1] [4 + 4 cosh(2Φ1)− 3 cosh[2(Φ1 − Φ3 − Φ5)]
+2 cosh[2(Φ3 − Φ5)]− 3 cosh[2(Φ1 + Φ3 − Φ5)]− 3 cosh[2(Φ1 − Φ3 + Φ5)]
+2 cosh[2(Φ3 + Φ5)]− 3 cosh[2(Φ1 + Φ3 + Φ5)]
+8[1− 3 cosh(2Φ3) cosh(2Φ5)] cosh(2Φ7) sinh2Φ1
]
g22
]
. (73)
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Using the same procedure as before, we find the full set of the BPS equations within this
particular truncation
Φ′1 = −
1
8
e−Φ1−2(Φ3+Φ5+Φ7)
1 + e2Φ7
[
(e2Φ1 − 1)(1 + e4Φ3 + e4Φ5 + 4e2(Φ3+Φ5) + e4(Φ3+Φ5))g1
+(1 + e2Φ1)(1 + e4Φ3 + e4Φ5 − 4e2(Φ3+Φ5) + e4(Φ3+Φ5))g2
]
, (74)
Φ′3 = −
e−Φ1−2Φ3+2Φ5−Φ7
8(1 + e4Φ5)
(e4Φ3 − 1)(1 + e2Φ7) [(1 + e2Φ1)g1 + (e2Φ1 − 1)g2] , (75)
Φ′5 = −
1
32
e−Φ1−2Φ3−2Φ5−Φ7(e4Φ3 + 1)(1 + e2Φ7)(e4Φ5 − 1)×[
(1 + e2Φ1)g1 + (e
2Φ1 − 1)g2
]
, (76)
Φ′7 = −
1
32
e−Φ1−2Φ3−2Φ5−Φ7(1− e2Φ7) [(e2Φ1 − 1) [1 + e4Φ3 + e4Φ5 + 4e2(Φ3+Φ5)
+e4(Φ3+Φ5)
]
g1 + (1 + e
2Φ1)
[
1 + e4Φ3 + e4Φ5 − 4e2(Φ3+Φ5) + e4(Φ3+Φ5)] g2] ,
(77)
A′ =
1
32
e−Φ1−2Φ3−2Φ5−Φ7(1 + e2Φ7)
[
(e2Φ1 − 1) [1 + e4Φ3 + e4Φ5 + 4e2(Φ3+Φ5)
+e4(Φ3+Φ5)
]
g1 + (1 + e
2Φ1)
[
1 + e4Φ3 + e4Φ5 − 4e2(Φ3+Φ5) + e4(Φ3+Φ5)] g2] .
(78)
Due to the γr projector, the solutions will preserve six supercharges orN = 3 supersymmetry
in three dimensions. When Φ3 = Φ1 and Φ5 = Φ7 = 0, the above equations reduce to those
considered in section III. These equations do not admit any non-trivial AdS4 fixed points
apart from the N = 3 SO(3)diag × U(1) critical point already identified in section III. This
agrees with the remark given in [6] in which partial supersymmetry breaking has been shown
to be impossible.
We are now in a position to consider various possible RG flows from the UV N = 3
SCFTs. In this case, we have not found any possible analytic solutions. Therefore, numerical
solutions will be needed in order to obtain the full flow solutions. Although these solutions
always exist and can be found by imposing suitable boundary conditions, we will not give
them here. Instead, we will give the behavior near the IR singularity which can be put to
r = 0 by choosing appropriate constants of integration. This is similar to the analysis given
in [34]. Note also that, from the above equations, setting Φ5 = 0 and Φ7 = 0 is also a
consistent truncation.
We will now consider RG flows to the IR with infinite values of scalar fields. From the
above equations, as Φ3 → ±∞, we find that Φ′5 → 0. Since both of the AdS4 critical points
have Φ5 = 0, we will set Φ5 = 0 throughout the analysis.
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At the trivial N = 3 AdS4 critical point, all scalars are dual to relevant operator of
dimensions ∆ = 1, 2. For Φ3 > 0, there are flows with the IR behavior
Φ1 ∼ φ0, Φ7 ∼ Φ3, Φ3 ∼ −1
3
ln
[
3
8
g˜r
]
,
ds2 = r
2
3dx21,2 + dr
2 (79)
where φ0 is a constant and g˜ = g1 cosh φ0 + g2 sinhφ0. There is also another flow with
asymptotic behavior
Φ1 ∼ φ0, Φ7 ∼ −2Φ3, Φ3 ∼ −1
4
ln
[
1
2
g˜r
]
,
ds2 = r
1
2dx21,2 + dr
2 . (80)
For Φ3 < 0, we have flows with
Φ1 ∼ φ0, Φ7 ∼ ±Φ3, Φ3 ∼ −1
3
ln
[
3
8
g˜r
]
,
ds2 = r
2
3dx21,2 + dr
2 . (81)
It should be noted that when Φ7 6= 0, we always have constant Φ1 in the IR. This is however
not the case when Φ7 = 0. An example of this flow is given by
Φ1 ∼ −2Φ3, Φ7 = 0, Φ3 ∼ −1
4
ln
[
1
2
(g1 − g2)r
]
,
ds2 = r
1
2dx21,2 + dr
2 . (82)
Remarkably, all of these flows are physical according to the criterion of [33] as can be checked
from (73) that all the flows give V → −∞.
The non-trivial AdS4 critical point can be approached by setting Φ1 = ±Φ3 = Φ0 =
1
2
ln
[
g2−g1
g2+g1
]
in the UV with different signs corresponding to different combinations of SO(3)×
SO(3) generators in forming SO(3)diag. We will additionally set Φ7 = Φ5 = 0 in the following
analysis.
For Φ3 > Φ0, there is a flow with asymptotic behavior
Φ1 ∼ Φ3 ∼ −1
3
ln
[
3
8
(g1 + g2)r
]
,
ds2 = r
2
3dx21,2 + dr
2 . (83)
For Φ3 < Φ0, we have flows with the IR behavior
Φ1 ∼ ±Φ3, Φ3 ∼ 1
3
ln
[
3
8
(g1 ∓ g2)r
]
,
ds2 = r
2
3dx21,2 + dr
2 . (84)
All of these flows are also physical with V → −∞ near the IR singularity.
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V. FLOWS TO LOWER DIMENSIONS
In this section, we consider supersymmetric solutions of the form AdS2×Σ2 in which Σ2
is a Riemann surface in the form of a two-sphere S2 or a two-dimensional hyperbolic space
H2. Domain wall solutions interpolating between AdS4 critical points and these geometries
should be interpreted as RG flows to lower dimensional superconformal field theories. In the
present case, the lower dimensional SCFTs would be described by twisted compactifications
of the N = 3 SCFTs in three dimensions resulting in one-dimensional SCFTs. We will
look for supersymmetric AdS2 solutions with SO(2)× SO(2)× SO(2) and SO(2)× SO(2)
symmetries within N = 3 SO(3)× SU(3) gauged supergravity.
A. AdS2 critical points with SO(2) × SO(2)× SO(2) symmetry
We begin with the BPS equations relevant for the present analysis. The gauge fields
are now non-vanishing. We adopt the twist procedure in order to preserve some amount
of supersymmetry. This involves turning on some gauge field to cancel the spin connection
along the Σ2 directions. We will primarily consider the case of curved Σ2 in the form of S
2
and H2.
The four-dimensional metric is taken to be
ds24 = −e2A(r)dt2 + dr2 + e2B(r)ds2(Σ2) (85)
where ds2(Σ2) is the metric on Σ2. Its explicit form can be written as
ds2(S2) = dθ2 + sin2 θdφ2 and ds2(H2) =
1
y2
(dx2 + dy2) (86)
for the S2 and H2 cases, respectively. In the following, we will only give the detail of the S2
case. The H2 case can be done in a similar way.
The component of the spin connection on S2 that needs to be canceled is given by
ωφˆθˆ = e−B cot θeφˆ. (87)
This appears in the δψφA variation. To cancel this contribution, we turn on some of the
gauge fields AµA appearing in the SU(3) composite connection Q
B
A . We will choose the
non-vanishing gauge field to be
A3 = a cos θdφ (88)
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which gives rise to the non-vanishing components of the composite connection
Q 21 = −Q 12 = −a1g1 or QAB = −g1ǫABCAC . (89)
The cancelation is achieved by imposing the following twist and projection conditions
a1g1 =
1
2
, γφˆθˆǫa = iσ
b
2a ǫb, a, b = 1, 2 . (90)
In the above equation, σ b2a denotes the usual second Pauli matrix. We have split the index
A into (a, 3) such that ǫA = (ǫa, ǫ3). It should be noted that with only A3 non-vanishing, the
supersymmetry corresponding to ǫ3 cannot be preserved, so we will set ǫ3 = 0. Eventually,
there are only four unbroken supercharges corresponding to ǫa that are subject to the γφˆθˆ
projection.
In addition, there are other two gauge fields that can be turned on along with A3. These
correspond to the SO(2)× SO(2) ⊂ SU(3) symmetry and are given by
A6 = b cos θdφ and A11 = c cos θdφ . (91)
All other gauge fields are zero. The field strengths of (A3, A6, A11) are given by
FΛ = −aΛe−2Beθˆ ∧ eφˆ (92)
with non-vanishing aΛ = (a3, a6, a11) = (a, b, c). With the convention ǫ
tˆrˆθˆφˆ = 1, we find the
dual field strength
F˜Λ = aΛe
−2Betˆ ∧ erˆ . (93)
The four-dimensional chirality on ǫA relates the γφˆθˆ to the γtˆrˆ as follow
γ5ǫa = iγtˆγrˆγθˆγφˆǫa = ǫa (94)
implying that
γtˆrˆǫa = σ
b
2a ǫb . (95)
We now in a position to set up the BPS equations by using all of the above conditions
and the formulae given in section II. In the presence of gauge fields, unlike the solutions
considered in section III, it turns out that the parametrization of the coset representative
for SO(2) × SO(2) × SO(2) invariant scalars using SU(2) Euler angles does not simplify
the resulting equations to any appreciable degree. We will rather choose to parametrize the
coset representative in the form of
L = eY˜1Φ1eY˜2Φ2eY˜3Φ3eY˜4Φ4 . (96)
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Furthermore, we will make a truncation Φ2 = Φ4 = 0 to make things more manageable.
This can also be verified to be consistent with all of the BPS equations as well as the
corresponding field equations.
As in the previous cases, the equations coming from δχ = 0 are identically satisfied since
C MAM = 0, and the particular ansatz for the gauge fields given above gives G
A
µνγ
µν = 0.
In addition, δλi = 0 equations are identically satisfied provided that we set ǫ
3 = 0. In our
particular truncation, W is real, so we can impose the γrˆ projection simply as γrˆǫa = ±ǫa.
With the usual choice of signs chosen, the independent BPS equations coming from δλAi = 0
are given by
Φ′1 =
1
4
e−Φ1−Φ3−2B
[
4ceΦ3(1 + e2Φ1) + 2b(e2Φ1 − 1)(e2Φ3 − 1)
−2a(e2Φ1 − 1)(1 + e2Φ3) + g1e2B(1− e2Φ1) + g1e2Φ3+2B(1− e2Φ1)
]
, (97)
Φ′3 = −
eΦ1−Φ3−2B
1 + e2Φ1
[
2a(e2Φ3 − 1)− 2b(1 + e2Φ3) + g1e2B(e2Φ3 − 1)
]
. (98)
With the twist conditions (90), δψφˆA = 0 equations are the same as δψθˆA = 0 equations.
All of these conditions reduce to a single equation for the function B while the conditions
δψµA, for µ = t, give an equation for the function A. These are given by
B′ = −1
4
e−Φ1−Φ3−2B
[
2ceΦ3(1− e2Φ1)− b(1 + e2Φ1)(e2Φ3 − 1)
+a(1 + e2Φ1)(1 + e2Φ3)− g1e2B(1 + e2Φ1)− g1e2Φ3+2B(1 + e2Φ1)
]
, (99)
A′ = −1
4
e−Φ1−Φ3−2B
[−2ceΦ3(1− e2Φ1) + b(1 + e2Φ1)(e2Φ3 − 1)
−a(1 + e2Φ1)(1 + e2Φ3)− g1e2B(1 + e2Φ1)− g1e2Φ3+2B(1 + e2Φ1)
]
. (100)
For the H2 case, a similar analysis can be carried out. The result is the same as the above
equations with (a, b, c) replaced by (−a,−b,−c).
An AdS2 × Σ2 geometry is given by a fixed point of the above equations satisfying
Φ′1 = Φ
′
3 = B
′ = 0 and A′ = 1
LAdS2
. We find a class of solutions given by
B =
1
2
ln
[
2[a(1− e2Φ3) + b(1 + e2Φ3)]
(e2Φ3 − 1)g1
]
,
Φ1 =
1
2
ln
[
c(1− e2Φ3)− 2beΦ3
c(e2Φ3 − 1)− 2beΦ3
]
,
Φ3 =
1
2
ln
[
b2 − c2 ±√b2[9a2 − 8(b2 + c2)]
3ab− 3b2 − c2
]
. (101)
The expression for the AdS2 radius is much more complicated. We will not give it here,
but in any case this can be obtained by substituting the values of B, Φ1 and Φ3 in the A
′
equation.
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B. AdS2 critical points with SO(2)× SO(2) symmetry
We now look for AdS2 solutions that can be obtained from twisted compactifications of
the non-trivial AdS4 critical point. As in section IV, we consider SO(2)diag×SO(2) invariant
scalars. The coset representative is still given by (61). The ansatze for the gauge fields are
similar to the previous case but with b = g1
g2
a to implement the gauge field of SO(2)diag.
Following the same procedure as in the previous subsection, we obtain a set of BPS
equations, again in a consistent truncation with Φi = 0, for i = 2, 4, 6, 8,
Φ′1 = −
2eΦ7
1 + e2Φ7
[
− a
g2
e−Φ1−2B[(1 + e2Φ1)g1 + (1− e2Φ1)g2]
+
1
16
e−Φ1−2Φ3−2Φ5
[
(e2Φ1 − 1)(1 + e4Φ3 + e4Φ5 + 4e2(Φ3+Φ5) + e4(Φ3+Φ5))g1
+(1 + e2Φ1)(1 + e4Φ3 + e4Φ5 − 4e2(Φ3+Φ5) + e4(Φ3+Φ5))g2
]]
, (102)
Φ′3 = −
1
8
[
1 + e2Φ7
1 + e4Φ5
]
e−Φ1−2Φ3+2Φ5−Φ7(e4Φ3 − 1)×
[(1 + e2Φ1)g1 + (e
2Φ1 − 1)g2], (103)
Φ′5 = −
1
32
e−Φ1−2Φ3−2Φ5−Φ7(1 + e4Φ3)(e4Φ5 − 1)(1 + e2Φ7)×
[(1 + e2Φ1)g1 + (e
2Φ1 − 1)g2], (104)
Φ′7 =
1
32
e−Φ1−2Φ3−2Φ5−Φ7(1− e2Φ7) [(1 + e2Φ1) [1 + e4Φ3 + e4Φ5 + 4e2(Φ3+Φ5)
+e4(Φ3+Φ5)
]
g1 + (e
2Φ1 − 1)(1 + e4Φ3 + e4Φ5 − 4e2(Φ3+Φ5) + e4(Φ3+Φ5))g2
]
+
1
2g2
e−Φ1−Φ7−2B
[
2ceΦ1(1 + e2Φ7)g2 + a(e
2Φ7 − 1)×
[(e2Φ1 − 1)g1 − (1 + e2Φ1)g2]
]
, (105)
B′ = − 1
32
e−Φ1−Φ7−2B
[
8a
g2
(1 + e2Φ7)[(1− e2Φ1)g1 + (1 + e2Φ1)g2]
−e−2(Φ3+Φ5) [16ceΦ1+2Φ3+2Φ5(e2Φ7 − 1)
+e2B(1 + e2Φ7)
[
(1 + e2Φ1)(1 + e4Φ3 + e4Φ5 + 4e2(Φ3+Φ5) + e4(Φ3+Φ5))g1
+(e2Φ1 − 1)(1 + e4Φ3 + e4Φ5 − 4e2(Φ3+Φ5) + e4(Φ3+Φ5))g2
] ]
, (106)
A′ =
1
32
e−Φ1−Φ7−2B
[
8a
g2
(1 + e2Φ7)[(1− e2Φ1)g1 + (1 + e2Φ1)g2]
−e−2(Φ3+Φ5) [16ceΦ1+2Φ3+2Φ5(e2Φ7 − 1)
−e2B(1 + e2Φ7) [(1 + e2Φ1)(1 + e4Φ3 + e4Φ5 + 4e2(Φ3+Φ5) + e4(Φ3+Φ5))g1
+(e2Φ1 − 1)(1 + e4Φ3 + e4Φ5 − 4e2(Φ3+Φ5) + e4(Φ3+Φ5))g2
] ]
. (107)
From these equations, we find a number of AdS2 × Σ2 solutions given below.
23
1. For Φ3 = Φ5 = 0, we find a critical point
G =
1
2
ln
[
2a[(1 + e2Φ1)g1 + (1− e2Φ1)g2]
(e2Φ1 − 1)g1g2
]
,
Φ7 =
1
2
ln
[
2aeΦ1g1 + c(e
2Φ1 − 1)g2
2aeΦ1g1 − c(e2Φ1 − 1)g2
]
,
Φ1 =
1
2
ln
[
a2g21 − c2g22 ±
√
a2g21[a
2(9g22 − 8g21)− 8c2g22]
3a2g1(g2 − g1)− c2g22
]
. (108)
2. For c = 0, Φ7 can be consistently set to zero. If we further set Φ3 = 0, we find the
following critical point
Φ1 =
1
2
ln
[
g1 ±
√
9g22 − 8g21
3(g2 − g1)
]
,
G =
1
2
ln

2a(g2 − g1)
[
2g1 + 3g2 ∓
√
9g22 − 8g21
]
g1g2
[
4g1 − 3g2 ±
√
9g22 − 8g21
]

 ,
LAdS2 =
2g1 + 3g2 ∓
√
9g22 − 8g21
4g21
√
3(g2 − g1)
g1 ±
√
9g22 − 8g21
. (109)
3. For c = 0 and Φ7 = 0 but Φ3 6= 0, we find a critical point
Φ1 =
1
2
ln
[
g2 − g1
g2 + g1
]
,
G =
1
2
ln
[
a
g1
+
ag1
g22
]
,
Φ3 =
1
2
ln
[
g41 + 10g
2
1g
2
2 + g
4
2 − 2
√
5g61g
2
2 + 26g
4
1g
4
2 + 5g
2
1g
6
2
g42 − g41
]
,
LAdS2 =
√
g22 − g21
2g1g2
. (110)
It can be checked that all of the above solutions are valid by choosing suitable choices of the
two coupling (g1, g2) and the parameters (a, c) in a manner that is consistent with the twist
condition 2g1a = 1. For example, taking b = 2c and a = 5c in the solution (101) leads to
G = ln
[
0.927441
√
a
g1
]
, Φ1 = 0.146711, Φ3 = 0.287363 . (111)
There might be more critical points, but we have not found any other real solutions.
We end this section by a remark on AdS2×T 2 solutions. Since T 2 is flat, the twist is not
needed. We will set A3 = 0 or equivalently a = 0. From the above two cases, we have not
found any valid AdS2 × T 2 solutions.
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VI. CONCLUSIONS
In this paper, we have studied N = 3 gauged supergravity in four dimensions with
SO(3) × SU(3) gauge group. We have found a new supersymmetric AdS4 critical point,
with SO(3)×U(1) symmetry and unbroken N = 3 supersymmetry, and given the full mass
spectrum of all 48 scalars at this critical point. An analytic RG flow interpolating between
this new critical point and the trivial UV fixed point has also been explicitly given. The
flow describes a supersymmetric deformation by a relevant operator of dimension ∆ = 1, 2.
It would be of particular interest to precisely identify the dual operator that drives the
flow in the dual N = 3 SCFT. This result provides another example of supersymmetric
deformations of N = 3 Chern-Simons-Matter gauge theories which might be useful in the
holographic study of ABJM-type theories coupled to matter multiplets.
In addition, we have studied RG flows to non-conformal N = 3 gauge theories in three
dimensions with SO(2)× SU(2)× U(1) and SO(2)diag × SO(2) symmetries. In the former
class of solutions, we have found N = 3 supersymmetric deformations in the absence of
the “pseudoscalars” corresponding to the imaginary part of the complex scalars. When a
pseudoscalar is turned on, the corresponding deformation breaks supersymmetry to N = 1.
The latter class includes supersymmetric deformations that break conformal symmetry of
the SO(3)×U(1) N = 3 SCFT dual to the non-trivial AdS4 critical point. Remarkably, all
of these solutions have physically acceptable IR singularities. This is due to the particular
form of the scalar potential which is always bounded above in the scalar sectors considered
in this paper. This is very similar to the solution studied in [32]. These results would
be of particular interest in describing world volume theory of M2-branes and hopefully in
condensed matter physics systems along the line of [35].
The last result of this paper consists of supersymmetric AdS2 × Σ2 solutions preserving
four supercharges or N = 2 Poincare supersymmetry in three dimensions. We have given
AdS2 solutions with SO(2) × SO(2) × SO(2) and SO(2)diag × SO(2) symmetries. In the
context of twisted field theories, these solutions describe possible twisted compactifications
of N = 3 SCFTs dual to the two AdS4 critical points mentioned above. These should be
useful in the context of AdS2/CFT1 correspondence and black hole physics. It should also
be noted that there is no AdS2 × T 2 solutions within the scalar submanifolds considered
here.
There are many possible future directions to investigate. Firstly, it is interesting to find
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whether the new SO(3)×U(1) critical point and the corresponding RG flows can be uplifted
to eleven dimensions. This would give a geometric interpretation to the solutions obtained
here in the context of M-theory in much the same way as the recent work for the N = 8
gauged supergravity in [36]. The complete truncation of eleven-dimensional supergravity on
N010 keeping only SU(3) singlet fields is given in [37]. However, the result of [37] obviously
cannot be used to uplift the AdS4 critical point and the RG flows given in this paper since
the scalars that transform non-trivially under the flavor group SU(3) are also turned on.
It should be remarked here about the condition g22 > g
2
1 related to the existence of the
SO(3) × U(1) critical point. Within the four-dimensional framework, the two coupling
constants are completely free. The consistency of the gauging does not impose any relation
between them. On the other hand, from the eleven-dimensional point of view, the ratio
between g1 and g2 should be fixed since there is no continuous parameter in N
010. This
might indicate that the SO(3) × U(1) critical point in eleven dimensions does not exist if
the condition g22 > g
2
1 is not satisfied. Alternatively, this critical point might arise from a
more complicated compactification. It would be interesting to investigate these issues in
more detail.
In finding AdS2 × Σ2 solutions, we have truncated out the pseudoscalars. It would be
interesting to investigate their role in AdS2 × Σ2 backgrounds as well as in the holographic
AdS2/CFT1 context. In particular, finding black hole solutions interpolating between N = 3
AdS4 and these AdS2×Σ2 geometries and comparing the black hole entropy with the result
from superconformal indices in the dualN = 3 SCFT, as in the AdS4×S7 case studied in [28],
would provide an example of this study in a less supersymmetric case. The solutions found
here would also be useful in this context. We leave all these issues for future investigations.
ACKNOWLEDGMENTS
This work is supported by Chulalongkorn University through Ratchadapisek Sompoch
Endowment Fund under grant GF-58-08-23-01 (Sci-Super II). The author is grateful to useful
discussions with C. Nunez and D. Cassani and correspondences from L. Castellani, C. Ahn
and J. P. Gauntlett. He would also like to thank Khem Upathambhakul for collaborating
in a related project. The author is also supported by The Thailand Research Fund (TRF)
26
under grant RSA5980037.
[1] L. Castellani and L. J. Romans, “N = 3 and N = 1 supersymmetry in a class of solutions for
D = 11 supergravity”, Nucl. Phys. B238 (1984) 683-701.
[2] M. Gunaydin and N. P. Warner. “Unitary Supermultiplets of Osp(8|4, R) and the spectrum
of the S7 compactification of 11D “dimensional supergravity”, Nucl. Phys. B272 (1986) 99.
[3] B. de Wit and H. Nicolai, “N = 8 supergravity with local SO(8) × SU(8) invariance”, Phys.
Lett. B108 (1982) 285-290.
[4] L. Castellani, A. Ceresole, S. Ferrara, R. D’Auria, P. Fre and E. Maina, “The complete N = 3
matter coupled supergravity”, Nucl. Phys. B268 (1986) 317-348.
[5] L. Castellani, A. Ceresole, R. D’Auria, S. Ferrara, P. Fre and E. Maina, “σ-model, duality
transformations and scalar potentials in extended supergravities”, Phys. Lett. B161 (1985)
91-95.
[6] L. Castellani, R. D’ Auria and P. Fre, “Supergravity and Superstring theory: a geometric
perspective”, World Scientific, Singapore 1990.
[7] C. Ahn and Soo-Jong Rey, “More CFTs and RG Flows from Deforming M2/M5-Brane Hori-
zon”, Nucl. Phys. B572 (2000) 188-207, arXiv: hep-th/9911199.
[8] C. Ahn, “Penrose Limit of AdS4 ×N0,1,0 and N = 3 Gauge Theory”, Mod. Phys.Lett. A17
(2002) 1847-1860, arXiv: hep-th/0206176.
[9] S. Cheon, D. Gang, S. Kim and J. Park, “Refined test of AdS4/CFT3 correspondence for
N=2,3 theories”, JHEP 05 (2011) 027, arXiv: 1102.4273.
[10] P. Termonia, “The complete N = 3 Kaluza Klein spectrum of 11D supergravity on AdS4 ×
N010”, Nucl. Phys. B577 (2000) 341-389, arXiv: hep-th/9909137.
[11] P. Fre, L. Gualtieri and P. Termonia, “The structure of N = 3 multiplets in AdS4 and the
complete Osp(3|4)×SU(3) spectrum of M-theory on AdS4×N010”, Phys. Lett. B471 (1999)
27-38, arXiv: hep-th/9909188.
[12] M. Billo, D. Fabbri, P. Fre, P. Merlatti, A. Zaffaroni, “Rings of short N = 3 superfields in
three dimensions and M-theory on AdS4 ×N0,1,0”, Class. Quant. Grav. 18 (2001) 1269-1290,
arXiv: hep-th/0005219.
[13] M. Billo, D. Fabbri, P. Fre, P. Merlatti and A. Zaffaroni, “Shadow multiplets in AdS4/CFT3
and the super-Higgs mechanism: hints of new shadow supergravities”, Nucl. Phys. B591
27
(2000) 139-194, arXiv: hep-th/0005220.
[14] H. U. Yee, “AdS/CFT with Tri-Sasakian manifolds”, Nucl. Phys.B774 (2007) 232-255, arXiv:
hep-th/0612002.
[15] M. Fujita and T. S. Tai, “Eschenburg space as gravity dual of flavored N = 4 Chern-Simons-
matter theory”, JHEP 09 (2009) 062, arXiv: 0906.0253.
[16] D. L. Jafferis and A.Tomasiello, “Asimple class of N = 3 gauge/gravity duals”, JHEP 10
(2008) 101, arXiv: 0808.0864.
[17] S. Hohenegger and I. Kirsch, “A note on the holography of Chern-Simons matter theories with
flavour”, JHEP 04 (2009) 129, arXiv: 0903.1730.
[18] D. Gaiotto and D. L. Jafferis, “Notes on adding D6 branes wrapping RP 3 in AdS4 × CP 3”,
JHEP 11 (2012) 015, arXiv: 0903.2175.
[19] Y. Imamura, D. Yokoyama, and S. Yokoyama, “Superconformal index for large N quiver
Chern-Simons theories”, JHEP 08 (2011) 011, arXiv:1102.0621.
[20] S. Franco, I. R. Klebanov, D. Rodriguez-Gomez, “M2-branes on Orbifolds of the Cone over
Q1,1,1”, JHEP 08 (2009) 033, arXiv: 0903.3231.
[21] F. Benini, C. Closset, S. Cremonesi, “Quantum moduli space of Chern-Simons quivers,
wrapped D6-branes and AdS4/CFT3”, JHEP 09 (2011) 005, arXiv: 1105.2299.
[22] C. Closset, S. Cremonesi, “Toric Fano varieties and Chern-Simons quivers”, JHEP 05 (2012)
060, arXiv: 1201.2431.
[23] M. Fujita, “Dualities from large N orbifold equivalence in Chern-Simons-matter theories with
flavor”, Phys. Rev. D88 (2013) 065027, arXiv: 1305.2962.
[24] A. Sen, “Entropy Function and AdS2/CFT1 Correspondence”, JHEP 11 (2008) 075, arXiv:
0805.0095.
[25] A. Sen, “State Operator Correspondence and Entanglement in AdS2/CFT1”, Entropy 13
(2011) 1305-1323, arXiv: 1101.4254.
[26] S. M. Hosseini and A. Zaffaroni, “Large N matrix models for 3d N = 2 theories: twisted
index, free energy and black holes”, arXiv: 1604.03122.
[27] S. M. Hosseini and N. Mekareeya. “Large N topologically twisted index: necklace quivers,
dualities, and Sasaki-Einstein spaces”, arXiv:1604.03397 [hep-th].
[28] F. Benini, K. Hristov, and A. Zaffaroni, “Black hole microstates in AdS4 from supersymmetric
localization”, JHEP 1605 (2016) 054, arXiv:1511.04085.
28
[29] P. Karndumri and K. Upathambhakul, “Gaugings of four-dimensional N = 3 supergravity
and AdS4/CFT3 holography”, Phys. Rev. D93 (2016) 125017 , arXiv: 1602.02254.
[30] N. P. Warner, “Some New Extrema of the Scalar Potential of Gauged N = 8 Supergravity”,
Phys. Lett. B128 (1983) 169.
[31] N. Bobev, K. Pilchand N. P. Warner, “Supersymmetric Janus Solutions in Four Dimensions”,
JHEP 1406 (2014) 058, arXiv: 1311.4883.
[32] C. N. Pope and N. P. Warner “A Dielectric Flow Solution with Maximal Supersymmetry”,
JHEP 04 (2004) 011, arXiv: hpe-th/0304132.
[33] S. S. Gubser, “Curvature singularities: the good, the bad and the naked”, Adv. Theor. Math.
Phys. 4 (2000) 679-745, arXiv: hep-th/0002160.
[34] A. Khavaev and N. P. Warner, “A class of N = 1 supersymmetric RG flows from five-
dimensional N = 8 supergravity”, Phys. Lett. B495 (2000) 215-222, hep-th/0009159.
[35] M. Fujita, “M5-brane Defect and QHE in AdS4 × N(1, 1)/N = 3 SCFT”, Phys. Rev. D83
(2011) 105016, arXiv: 1011.0154.
[36] K. Pilch, A. Tyukov and N. P. Warner, “N = 2 Supersymmetric Janus Solutions and Flows:
From Gauged Supergravity to M Theory”, arXiv: 1510.08090.
[37] D. Cassani and P. Koerber, “Tri-Sasakian consistent reduction”, JHEP 01 (2012) 086, arXiv:
1110.5327.
29
